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Growth assessment in abnormal children
ALEX F. ROCHE
Fels Research Institute, Wright State University, Yellow Springs, Ohio
The purpose of growth assessments in children
with abnormal growth is to determine the status of
their present size and development, to monitor their
progress by serial assessments, and, when possible,
to predict their adult stature. Growth assessments
also provide the means by which the effects of dis-
ease and its treatment upon growth can be eval-
uated. For these purposes statistical treatment of
the data are required.
The assessment of physical growth is primarily
concerned with statural growth. Weight gain and
changes in body composition, however, are other
useful indices of growth itself; these also correlate
with statural growth. Skeletal and sexual matura-
tion are important developmental landmarks which
are used to predict adult stature.
This report describes the measurements com-
monly used in growth assessments, how the mea-
surements are made and expressed, and how they
might be treated for serial and for statistical pur-
poses. Other recent articles provide this informa-
tion in greater detail [1, 21.
Measurements
Age. Birth date should be recorded; age at obser-
vation should be given in years expressed to hun-
dredths rather than as fractions of month, weeks, or
days; e.g., a child born December 1, 1975, and ob-
served January 20, 1978, is 1.14 yr of age. A table is
available for making conversions [3].
Recumbent length. This measurement should be
made on children younger than 2.00 yr and when-
ever a child is not able to assume an upright posture
suitable for reproducible measurement of stature.
The measurement is made by placing the infant on a
table having a fixed headboard and a movable foot-
board that are perpendicular to the table surface. A
tape, graduated in millimeters, is attached with its
zero-end aligned with the headboard. One person
369
holds the infant's head in the plane of the midline of
the table with the infant's gaze vertical; another
straightens the infant's trunk and legs, taking care
that the knees are extended and the footboard is
firmly against the soles of the feet. The pressure on
the soles should approximately equal the pressure if
the infant were standing. Length is recorded to the
nearest millimeter.
Stature. The stature of a child may be measured
against a wall that does not have a baseboard. A
tape (in millimeters) and a wooden strip for guiding
a right-angle rest are attached vertically; a right-
angle wooden rest or headboard is used to align the
highest part of the head (vertex) with the tape.
The child should wear few clothes so that his
pose is visible. The bare feet should be placed so
that the heels are together and in contact with the
wall. The medial borders of the feet need not be par-
allel but they should be extended fully, and the but-
tocks, shoulder blades, and occipital part of the cra-
nium should be in contact with the wall. If the child
has knock-knees, the medial borders of the knees
should be in contact with each other and the heels
separated slightly. If the buttocks are markedly pro-
tuberant, the child should be positioned vertically,
with only the buttocks in contact with the wall. The
head is adjusted so that gaze is horizontal. Usually,
two people are needed to obtain a satisfactory mea-
surement of stature in a preschool child.
Having assumed this position, the child takes a
deep breath and holds it. The wooden rest is low-
ered with firm pressure onto the head, keeping the
edge against the wooden guide. The child's stature
is read to the nearest millimeter, taking care to
avoid errors due to parallax.
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The measurement may be made with a com-
mercial device. Errors of recording are less likely
because the counterweighted headboard moves on-
ly in the correct plane, and stature is read from a
counter.
Sitting height may be useful when leg deformities
are severe, and growth of the trunk is used as an
index of stature. This is obtained by using a box
measuring 30 X 40 X 50 cm in combination with the
apparatus and technique used to measure stature.
The box is placed where the child stands for the
measurement of stature and is turned so that the
height of the box is approximately equal to the
knee-height of the child. The child sits on the box
with thighs horizontal and buttocks, shoulder
blades, and the occipital part of the head in contact
with the wall, with the head adjusted so that the
gaze is horizontal. The vertex of the child's head is
aligned with the tape in the same way as for stature,
and the height of the box is subtracted from the ob-
served value.
In infancy, crown-rump length is interpreted as
being equivalent to sitting height. This length is ob-
tained with the equipment for measuring recumbent
length. The infant is positioned as for recumbent
length but the legs are elevated by flexing the hips
and the footboard is brought firmly against the but-
tocks.
Weight, during infancy, is measured when the
child is nude; later, very light clothing (either a light
gown or underclothing) can be worn. Beam scales
are needed—one for infants measuring to the near-
est 20 g (maximum 16 kg), one for older children to
the nearest 10 g (maximum 100 kg).
Head circumference is measured up to 3 yr of age
with a tape measure, graduated in millimeters, that
does not stretch. Recently, a new tapea has been in-
troduced that improves accuracy. One end is ex-
panded, and the other end is fed through an opening
in the expanded end [4]. The tape should pass just
above the eyebrows anteriorly and is placed to mea-
sure the maximum circumference even though the
tape passes over the external occipital protuber-
ance. Large amounts of hair should be excluded and
care taken that the plane of the tape is the same on
both sides of the head.
Ski nfold thickness is measured with standard cali-
pers. In the United States, the Lange caliper is rec-
ommended because appropriate reference data on
U.S. children using these calipers are available. In
Available from Ross Laboratories, Columbus, Ohio 43216,
U.S.A.
other countries, however, the Harpenden caliper is
preferred.
Skinfold thickness should be measured at the tri-
ceps and subscapular sites, preferably on the left
side of the body. The triceps site is at the level of
the midpoint between marks placed over the acro-
mion and olecranon in the midline of the posterior
aspects of the arm. The arm should be hanging re-
laxed at the side of the trunk with the elbow extend-
ed. The subscapular site is just inferior to the angle
of the left scapula. The calipers are applied to a
double fold of skin and subcutaneous fat picked up
between the left thumb and index finger of the ex-
aminer about 1 or 2 cm from the site of measure-
ment. The caliper jaws are kept vertical when the
triceps fold is measured; at the subscapular site, the
long axis of the jaws is directed inferolaterally. The
reading is made as soon as the caliper-reading has
stabilized; this takes longer in those who are edema-
tous at the site of measurement. With the Lange
caliper, thickness is recorded to the nearest 0.5 mm,
with the Harpenden caliper to the nearest 0.1 mm.
Upper arm circumference is measured to obtain
an index of fat mass and muscle mass. The mea-
surement is made at the level of the triceps skinfold
site, with the tape described for measuring head cir-
cumference. The arm should be in the same position
as it was for the measurement of the triceps skin-
fold. The tape is fitted snugly around the arm, and
the circumference recorded to the nearest millime-
ter. The arm circumference corrected for triceps
skinfold thickness measures the cross-sectional
area of muscle and bone at this level. The correc-
tions are made with the assumption that the muscle
and bone area is circular [5—8].
The correction which assumes that muscle and
bone area is encased in a layer of fat with a uniform
thickness equivalent to that of the triceps skinfold
introduces an error. Skinfold is the compressed
thickness of a double fold of skin plus subcutaneous
fat. Using compressibility data [8—11] to adjust skin-
fold thickness so that it is equivalent to the uncom-
pressed thickness of a single layer of fat, the esti-
mated area of muscle and bone is less. The cor-
rected circumference is recorded to the nearest
millimeter.
Apart from changes in stature, skeletal maturity
or bone age may vary. Skeletal maturity can be ex-
pressed as a score, and the score can be translated
to a stage in development, i.e., bone age. Skeletal
maturity or bone age determined from the Greulich-
Pyle atlas [121 requires lengthy training by an ob-
server before he can produce satisfactory replicate
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results. Skeletal maturity is more readily scored
with newer methods (113—151. These methods pro-
vide data more readily suited for statistical treat-
ment. Whichever method is chosen, it is critical that
positioning for the roentgenogram be correct and
that assessment be made by someone trained in us-
ing the scoring system so that his results are repro-
ducible. It is important to present the score, its cor-
responding bone age, and its coefficient of variation
of replicate estimates.
Dental age. This at certain ages is conceptually
similar to skeletal age. It can be obtained by grading
the degree of development of either four or seven
permanent teeth [16]. A method using deciduous
teeth has not been developed.
Tape measure
Lufkin (steel)
Lufkin (dacron)
Insertion tape
Lange skinfold caliper
Lange skinfold caliper
Harpenden skinfold caliper
Sexual maturity is recorded throughout puberty.
The grades of Tanner [171 are appropriate and have
been illustrated in color by van Wieringen et al [181.
Testicular size should be graded, with a testicular
volume index [21].
Parent heights. The stature of each parent should
be obtained. These are used to adjust the child's rel-
ative height and to predict his adult stature [22].
Calibration and reproducibility. Good data will
be obtained by using standard techniques, properly
calibrated equipment, and appropriate recording
sheets and graphs. Table I describes sources where
equipment can be obtained. Calibration is espe-
cially important for scales (using sets of standard
weights), for skinfold calipers (using metal blocks of
Grafco Supply Co., Inc.
Div. ofGrafco Industries, Inc.
291 3rd Avenue
New York, NY 10010
Siber Hegner & Co., Inc.
1250 Broadway
New York, NY 10001
or,
Holtain Ltd.
Brynberian near Crymmch
Pembrokeshire
England
Toledo Scales Co.
Toledo, Ohio 43612
The Cooper Group
P.O. Box 728
Apex, North Carolina 27502
Ross Laboratories
Columbus, Ohio 43216
Siber Precision, Inc.
450 Barell Avenue
Carlstadt, New Jersey 07022
or,
Cambridge Scientific Industries, Inc.
Cambridge, Maryland 21613
Siber Hegner & Co., Inc.
1250 Broadway
New York, NY 10001
25.00 Cytosem Consult S.A.
C.P. 290, 1211 Geneve 25
Switzerland
Table 1. Supply sources of anthropometric equipment
Recent
Catalog price
Description (no.) U.S. $ Supplier
Infantometer 20.00
Harpenden stadiometer
Harpenden recumbent length table
Scales, baby, kg
Scales, adult, kg
270.00
264.00
47.00
173.00
5.33
3.97
117.00
110.00
380Kg
400Kg
146ME
3176ME
95- 120
PC5028
98—6 10
Orchidometer
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known dimensions), and for equipment used to
measure stature, recumbent length, and sitting
height (rods of known length). Those making mea-
surements must be trained to obtain replicate re-
sults with adequate precision. The methods and the
coefficient of variation of replicate results should be
given in any report.
The appropriate intervals between calibra-
tions depend on the circumstances of the study. A
monthly interval is suggested for equipment that is
not moved; otherwise, it should be recalibrated
whenever it is moved.
Reference data
Reference data have been obtained for the vari-
ous indices of growth where measurement is de-
scribed (Table 2). The sources of the reference data
have varied among different nationalities and in size
and range of sample measures. The averages of ref-
erence data cited are not necessarily ideal values
reflecting optimum health. They do represent, how-
ever, the average of a random sample of a defined
population free of overt disease. For some indices,
data are more complete than for others. Where mul-
tinational studies exist, reference data of the most
suitable population can be used. When this is not
the case, the most closely matching population
must be used. The reference population used should
always be cited.
Standards for height, weight, height velocity or
weight velocity, or both, exist for British [32] and
European [18, 20] children throughout the growth
period. New standards for these measures have
been developed for U.S. children aged 6 to 11 [23]
and 12 to 17 [24], those for U.S. children aged ito 6
are being prepared. The height of British children
[321 was obtained when the children were stretched,
i.e., an assistant exerted upward pressure under the
mastoid. The other measures were made with chil-
dren in the posture described earlier. Charts cov-
ering the range of normal data for British children
and comparable charts for U.S. children are avail-
able (see Table 2). Adult stature can be predicted
with greater precision when the prediction is made
Crown—rump length
Sitting height
Calf circumference
Skinfold thickness
Growth and development
Integration of factors predicting statu re
NICHS—US 0—18
FRI-US
CRC—British
CRC
NCHS-US
HSRI-US
N CHS-US
TEN-STATE-US
ICH—British
Ross Laboratoriesh
Mead Johnson Laboratoriesc
(see also Ref. 2, 23, 24)
Ref. 25
Ref. 25
Refs. 23, 24
Ref. 26
Refs. 27—31
Ref. 32
0.1—19 Creaseysd
(see also ref. 38)
Abbreviations used are: NCHS, National Center for Health Statistics, Atlanta, U.S.A.; FRI, Fels Research Institute, Yellow
Springs, U.S.A.; CRC, Child Research Council, T,ondon, England; TEN-STATE, Ten-State Nutrition Survey, U.S.A., 1968—70; CIE,
Centre International de l'Enfance, Paris, France; ICH. Institute of Child Health, London, England; UCSF, University of California,
San Francisco Medical Center, San Francisco, California, U.S.A.
Ross Laboratories, Columbus, Ohio 43216, U.S.A.
Mead Johnson Laboratories, Evansville, Indiana 47221 U.S.A.
Creaseys Ltd., Castlemead, Hertford, England SG14 ILH
'fable 2. Sets of cross-sectional reference data recommended for used
Source of
Age range charts or
—
Variable Origin of data (yr) reference data
Growth
Recumbent length, stature weight, head circum-
ference, weight-for-length (stature)
0—2
2—6
6—18
0—13
1—18
0.1—19Height, weight, height velocity, weight velocity
Maturation
Skeletal maturity
Dental age
Secondary sex characiems
Testicular sizc
CIE—French Ref. 13
ICH—British Ref. 14
FRI—US 0.1—18 Ref. 15, 33, 34
Univ. of Montreal 2.5—17.5 Ref. 16
ICH.-British — Creaseys"
Refs. 35, 36
Kinderspital, Zurich 10—18 Ref. 19
UCSF-US 5-16 Ref. 21
Goteberg, Sweden 12—15 Ref. 20
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considering skeletal maturation and height of the
child's parents [13—15, 22, 38, 39].
Standards for skinfold thickness for British chil-
dren have been published [27], and recently these
have been updated [28]. Comparable standards for
U.S. childrenaged6to 11 [30]andaged l2to 17[31]
have been published; those for children aged 1 to 6
are being prepared.
Reference data on skeletal maturity has been pre-
pared for European children by the Centre Inter-
national de l'Enfant Normal, Paris [13], for British
children by the Institute for Child Health, London
[141, and for U.S. children by the Fels Research In-
stitute, Yellow Springs, Ohio, U.S.A. [151. These
references provide information on using a scoring
system for bone maturation. Techniques of scoring
and sample population vary among the three, and
the investigator wishing to use one of the methods is
advised to review these prior to making a decision.
The most complete reference data for sexual ma-
turation is available for British children [35, 361, and
the scoring method they use has wide acceptance.
Testicular size is used as a measure of sexual matu-
rity in males; reference data are available from sev-
eral sources [19—21]. Variations in sexual maturity
are seen among different nationalities. The average
age of menarche for British women is 0.8 yr later
than it is for U.S. women [35, 37]; for Swedish
women it is 0.3 yr later [20, 37].
Skeletal maturation and sexual maturation vary
considerably within a population of either boys or
girls when either is related to chronologic age.
Much of the variation in age of sexual maturation is
removed when the stages are related to bone age
rather than chronologic age [38—41]. Timing of skel-
etal growth spurt and sexual maturation can be
more accurately predicted when the prediction is
made taking bone age into account [13—15, 38—41].
Interpretation of data
Serial observations on stature in an individual
child. For following growth in stature of an individ-
ual child, the conventional method is to plot height
for age on charts derived from cross-sectional data
[13, 20, 22—25]. The growth rate (in centimeters per
year) and degree of variance in the reference popu-
lations are stable between 3 years of age and pubes-
cence. A child followed-up serially whose indices
move from one channel to another probably is
showing a change in growth velocity. Difficulties
arise when one attempts to interpret growth during
puberty. Early maturing children begin pubertal
growth spurts early and hence appear to have ab-
normal accelerated growth; late maturing children
do the converse. Although there is no satisfactory
solution to this problem, it is partly corrected when
bone age is substituted for chronologic age [13—15,
38—41]. To do this, bone age and stature must be
measured simultaneously at appropriate intervals
(0.5 to 1.0 yr as a rule). Using techniques for
smoothing and resolving curves into component
parts may improve data analysis, particularly in the
pubertal growth period (see below). Using parent
specific height may also be helpful when parent
height is a major factor affecting growth [22, 38, 39].
A second method is to record annual increments
and to plot these with a height velocity chart de-
rived from Tanner's data [32]. This chart is most
useful for data obtained annually and examined
over several years—in particular the prepubertal
years. It is more useful during puberty when bone
age is used in place of chronologic age. When data
are obtained annually, seasonal differences are re-
moved. The effect of season upon growth has only
been examined in England [42, 43], and its influence
in other areas has not been established.
Weight, skinfold thickness, and mean arm cir-
cumference are measures of nutritional state of
body composition. These affect statural growth and
are important in their own right (see also Holliday
and Chantler; Potter et al, this issue). Charts are
available for comparing weight and stature of an in-
dividual over time with normal (Table 2). Low
weight-for-height ratios may indicate undernutrition
(see Ashworth, this issue). High values usually in-
dicate obesity. Edema may obscure the convention-
al interpretation of weight-for-height ratios unless
corrections can be applied (see Holliday and Chant-
ler, this issue).
Relating stature to bone age and to weight
Once growth disturbances develop, it is generally
useful to correlate stature with skeletal maturity as
well as with chronologic age. Plotting stature
against bone age derived from skeletal maturity
scores [13—15, 38, 39] is a convenient method. This
is a means of observing growth in relation to growth
potential. It is very important when growth rate
changes to determine whether skeletal maturity
changed in a like manner. A second way to examine
growth relative to skeletal maturity is to plot growth
increments or height velocity against bone age
rather than chronologic age. This compares growth
velocity and bone age of the individual against the
average for that age. Reference data are not avail-
able for calculating the standard deviations of the
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bone age is in the difficulty of measuring bone age.
Three methods for scoring skeletal maturity or bone
age have been cited [13—15] which reduce the error.
The value of relating weight to stature also has
been described. The weight-for-height index is use-
ful in separating children into the categories of un-
dernourished or overweight although the prediction
must be made with caution.
The comparison of groups
Univariate cross-sectional data. Conceptually,
and in practice, these are the simplest analyses of
group differences, but the information obtained is
correspondingly incomplete. Assuming that the
data available are from abnormal children, the dif-
ferences between these data and sets of reference
data can be tested for significance using Student's t
test of the more conservative sign test if only sum-
mary normative data are available. Paired t test or a
Wilcoxon matched-pairs signed-ranks test may be
used if matching individual data can be obtained for
the reference sample [441. In general, the latter pro-
cedure is more practical than are comparisons with
like-sexed siblings. A cross-sectional analysis can
be made at each of several ages, but the findings
from the tests of significance will be independent
only if the groups tested are independent, i.e., each
child in each group should be represented in the
data at one age only. For example, these analyses
could show that the abnormal group has a signifi-
cantly shorter than normal stature until 10 yr of age,
but not later.
It is inappropriate to calculate an observed value
as a percentage of the age- and sex-specific median
or mean. The significance of a particular percentage
of the median changes with age, because the vari-
ance is age-dependent. Also it is inappropriate to
calculate a "height age." Serial changes in the dif-
ference between height and chronological ages are
very difficult to interpret. An apparent fixed deficit
in "height age" is not the same in centimeters
across age, nor does it have the same consequences
in relation to adult stature [39].
Univariate serial data. A comparison of serial
data among children is difficult. One method in-
volves comparing the curves. Serial data for recum-
bent length recorded at 6-month intervals in a nor-
______________________________________ mal boy and girl will be used for illustrative pur-
poses. These data can be plotted against one
showing size for age. There is little difference be-
tween the two children until 4 yr, after which the
boy becomes progressively larger than the girl (Fig.
1). If these data are used to calculate 6-monthly in-
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Fig. 1. Serial data for recumbent length in a normal boy and a
normal girl, plotted as distance curves.
averages (see also Potter el al, this issue). We have
published a method for making better predictions of
adult stature from statistical treatment of height and
skeletal maturity scores in the population of aver-
age children [391. Its value in predicting adult stat-
ure in children who are growth-retarded secondary
to chronic disease has not been examined.
The value of relating stature to bone age when
either stature or skeletal maturity are deviant has
been described. The difficulty of relating stature to
20.0 _Boy 312
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Fig. 2. Six-monthly increments in recumbent length in the same
boy and girl as in Fig. I.
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crements, considerable irregularity in the data be-
comes apparent, and it is difficult to form any con-
clusion about possible differences in their growth by
inspection of the curves (Fig. 2). Much of the irreg-
ularity is removed when annual increments are cal-
culated (Fig. 3). The increments from birth to 2 yr
are similar in the boy and girl; later, those for the
boy are generally greater than are those for the girl,
but it is still difficult to compare the growth of these
children by inspection of increment graphs. If annu-
al increments were available for a group of patho-
logical children, it could be shown statistically
whether these deviate significantly from reference
data. But this would be a weak approach; the irreg-
ularity of the increments, both within and among
individuals, tends to obscure any real differences.
A much better approach is to fit mathematically
defined curves to sets of serial data for individuals,
with the selection of the particular curve dependent
on the age-range and the way in which the variable
changes with age. Some measurements, e.g., stat-
ure, follow a predictable curve in all children al-
though individuals differ in the general level of the
curve and the ages at which inflections occur.
Other variables, e.g., blood pressure, differ mark-
edly among individuals in their patterns of change
with age; curve-fitting techniques that do not as-
sume a fixed structure are needed for such vari-
ables.
Curve-fitting serves several important purposes.
It helps smooth the data; the extent of the smooth-
ing varies with the particular curve. Moderate
smoothing is desirable because it removes some er-
rors of measurement. Effective curve-fitting sum-
marizes a set of serial data in a few parameters that
contain almost all the information available in the
recorded data. It is highly desirable that the param-
eters be capable of biological interpretation be-
cause, after the curve-fitting step, these parameters
replace the recorded data for the individual and are
analyzed using multivariate techniques.
Multivariate analysis of cross-sectional data.
Multivariate cross-sectional growth data also pose
special problems. A comparison or ratio method is
sometimes used. An illustration is to compare
weight and stature, in a group of abnormal children
with the corresponding distribution in a group of
normal children matched for sex and age. The dif-
ference between the group of abnormal children and
the reference data can be tested for significance
with multivariate analysis of variance. Age-specific
parameters for such bivariate distributions in nor-
mal children have not been published; therefore, ac-
cess to the original data for both the normal and ab-
normal groups is required l144].
Most techniques of multivariate data analysis
have a place in the analysis of growth data. Com-
mofl multivariate approaches include cluster analy-
sis (to determine whether members of a group can
be divided into distinct subgroups), discriminant
analysis (to determine the importance of particular
variables in discriminating between groups of indi-
viduals), multiple regression and multiple analysis
of variance (to determine the independent impor-
tance of particular variables in predicting an out-
come). The choice depends on the question asked.
Multivariate serial data. Commonly, it is desir-
able to analyze the changes that occur in an individ-
ual in several variables, e.g., stature, weight, and
skinfold thickness. Multivariate analysis of serial
data is, however, for the most part, beyond the cur-
rent state of research in statistical methods. A rec-
ommended approach is to treat each variable sepa-
rately and to obtain parameters of curves fitted to
serial data for individuals. The relationships among
these parameters then can be examined using any
multivariate technique that is appropriate for the
question being asked.
Summary
Growth assessments are made in children to mon-
itor their growth with time. In children with chronic
disease, these data aid in determining the effect of
disease on growth and planning and evaluating ther-
apy. Stature is the most important aspect of phys-
ical growth, but weight, body composition, skeletal
maturation, and sexual development are also impor-
tant. Methods for making these assessments are
given. Techniques for data reduction and statistical
_Boy 312Gir 407
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Fig. 3. Annual increments in recumbent length in the same boy
and girl as in Figs. I and 2.
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treatment of data comparing groups of children are
discussed.
Reprint requests to Dr. A. F. Roche, Fe/s Research Institute,
800 Livermore Street, Ye//ow Springs, Ohio 45387, U.S.A.
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